The initial goal of this paper is to develop the standard Keynes' analytical system into a dynamic macro-econometric model, which is then applied to the analysis of macroeconomic indicators for the U.S. from 1950s to 1980s-a period marked by strong volatility of inflation, exchange rates and commodity prices. Based on the results obtained and, in particular, on the model's structure and exogenous variables, it is possible to single out the main factors that explain the macro-trends observed in the American economy. Further, a second and more important goal is to evaluate if a simple macro-dynamic model can be a relevant tool in empirical analysis of macroeconomic developments. The results obtained indicate that, although the elements of the Keynesian system are most often used in a purely theoretical perspective, a macro-econometric model based on those elements can be successfully used in reproducing overall macroeconomic variables in a certain period-and the determinants of those macro-trends can be traced to the model's exogenous variables.
Introduction
One important consequence of the ways "mainstream macroeconomics"-the meaning of this expression, though, is not free from controversy-has evolved in the last few decades is that models devised to understand and analyze the behavior of the overall economy and to make relevant conclusions about economic policies have become ever bigger and more complex. As a justification for this statement, one can bring attention to the predominance of large scale DSGE (Dynamic Stochastic General Equilibrium) models, as well as of VAR (Vector Auto-Regression) models. Nevertheless, a problem that many economists and professionals perceive in these models is that they are not very successful in predicting future developments in macroeconomic aggregates, so that their practical use has been increasingly reduced-especially in financial markets' applications, where decisions have outright implications in terms of making or losing money 1 .
If the models most often used by policymakers are not successful in accounting for future events, then it is very unlikely that they may be useful in the process of comprehending past economic and financial trends. Yet, in their origins, macro-econometric models were built with a distinctive perspective for empirical analysis. In the 1940s, Lawrence R. Klein, one of the pioneers in the field of structural macro-modeling, developed a six-equation dynamic macro-model based on Kalecky's analytical system, which became known as Klein
. For this early model, data series were constructed with annual data for the US from 1920 to 1941-a period that includes the most dramatic economic and financial events of the last century. As can be apprehended from If a model reproduces reasonably well the pattern of real macroeconomic variables, and given that the model's solutions derive from its exogenous variables and dynamic properties, then it seems appropriate to conclude that the analysis of the model's structure should contribute to the understanding of the period being examined. In the case of Klein's Model I, there are four exogenous variables: government consumption and taxes, total wages of public workers, and a trend variable (1931 = 0). Besides, some endogenous variables are included with time lags, contributing to the model's dynamic behavior. One disadvantage of Kalecky's business cycle theory, which is also present in Klein's econometric model, is that price changes are not taken into consideration-the system includes only variables in constant values.
Following the footsteps of Klein Model I, this paper's initial goal is to develop a structural macro-econometric model based on Keynes' analytical system with barely a few simple equations, and evaluate its performance in reproducing major macroeconomic trends in a significant period in American economic history.
Further, given that the model's equations reproduce, to a very reasonable degree, the macro trends of the period examined, the system of equations is used to gather information on the determinants of those trends. 1 "The [financial] crisis showed that the standard macroeconomic models used by central bankers and other policymakers, which go by the catchy name of 'dynamic stochastic general equilibrium' (DSGE) models, neither represent the financial system accurately nor allow for the booms and busts observed in the real world." The Economist, Jan 19 th 2013 edition. 2 Klein used as reference the business cycle theory elaborated in [2] . The main contribution of this paper is, therefore, to put the so-called "complete Keynesian system" [3] in a somewhat different-that is, more applied-perspective. On the other hand, the focus here is relatively narrow, given that more modern contributions in the macro-econometric field are not taken into consideration. Yet, the paper contains brief reviews of estimation methods most often used in econometric models based on simultaneous equations, and the numerical methods required for the solution of nonlinear systems.
In the process of developing and applying the macro model, the Keynesian analytical system is reviewed (Section 2). In Section 3, a few stylized facts for the period examined are presented. Econometric methods used for parameter estimation of structural models are briefly discussed in the following Section, and the estimates for the macro-econometric model are provided. Also in Section 4, mathematical methods for the solution of nonlinear systems of equations are summed up-additional concepts on estimation and solution procedures are presented in Appendix 1. In Section 5, the nature of the solutions that were obtained and the results that may be drawn concerning the determinants of the macro-trends are discussed.
A Brief Literature Review
Essentially, macro-econometric models are quantitative tools that can be applied to the analysis and evaluation of economic policies. In a sense, these tools are a natural unfolding of macroeconomic theories-combined with data series, estimation procedures, and numerical methods. From a historical perspective, macro-econometric modelling initiates in the 1940s, and from that period up to the 1960s, there was a mutually beneficial relationship between macro-econometric modelling and macroeconomics per se [4] . The more prominent researchers in the earlier period were J. Tinbergen, L. Klein, and A. Goldberger. Besides the Klein Model I, a groundbreaking contribution, introduced in the 1950s, was the Klein-Goldberger Model [5] .
From the 1960s to 1980s, many well-known Econometrics textbooks contained thorough material on structural macro-dynamic models. Good examples are [6] [7] and [8] . More recently, [9] includes a fairly detailed analysis of Klein Model I. A brief and interesting text that applies the developments in this field to macroeconomic planning is [10] . A well-researched paper that examines the relevant contributions up to the 1980s is [11] , and a more comprehensive work is [12] .
A Simple Model That Transformed Our Understanding of Market Economies-and an Econometric Counterpart
From the involved and non-mathematical exposition in Keynes' General Theory, published in 1936, one can deduce a fairly simple and straightforward model with equations representing three overall markets: for goods, money and labor.
The model's equations are specified below 3 : 1) Equilibrium output and aggregate production function ( )
2) Effective demand
3) Nominal values
Although virtually any macroeconomic textbook expands on the topics in this Section, the reference used here is [3] .
This system of equations is a staple tool in the Macroeconomics field and scarcely needs any further explanation. To a large extent, the contents of any Macroeconomics textbook are related to the concepts and analyses arising from these six equations. In especial, the combination of Equations (1), (3), (4), and (5) produces the standard IS-LM analysis of output and interest rate equilibrium. On the other hand, Equations (2) and (6) are usually dealt with independently of the rest of the system and, therefore, the price level and the labor force employed are often treated in textbook analyses as exogenous elements.
In order to explore some of the economic rationality in this model-that is, causal relations that will indeed be applied in Section 5 below-, we can consider, for example, what would happen in a country where money stock (M) is allowed to increase. An initial effect would be a reduction of r, determined by Equation (5). Then, given Equation (4), aggregate investment (I) would rise, leading to an increment in Y (Equation (1)). This would cause an increase in C and further increments in Y through the multiplier effect. On the other hand, Equation (2) shows that a larger output depends upon a greater use of labor. However, from the standpoint of firms' profit maximization, a necessary condition for an increase in employment is that the cost of labor should be reduced, in order to compensate for the lower marginal productivity of labor (Equation (6)). This means that larger output and employment depend upon an increment of P, so that the real wage rate is reduced (workers behave as if they suffered from monetary illusion, worrying only about the nominal wage rate w, at least in the short run). Thus the ultimate effects of an increase of M are increments in Y, C, I, L, and P, accompanied by a decrease of r. As will be seen in Section 5, this simple analysis is very much in agreement with the macro-trends in the American economy in the period examined, especially in the 1970s and 1980s-that is, consistent growth of GDP and investment that was accompanied by strong money supply, inflation and stagnating average real wage.
Alternatively we can explore the consequences, derived from this six-equation system, of an increment in G. An initial effect, given Equation (1), would be a rise of Y. Moreover, if M is held fixed, Equation (5) indicates that r should increase, leading to a reduction of I (Equation (4)). These opposing forces compensate each other, leaving Y relatively unchanged-the so-called crowding out effect of higher government spending. However, if M is allowed to increase in order to accommodate the demand pressures set off by an enlarged government spending, then the final results are very much like those derived in the previous paragraph-in the case of the macro-trends in the US, there was consistent growth of Government consumption from 1950s to 1970s.
Macro-Econometric Equations
In the sequence, a structural macro-econometric model based on Keynes' . To start, Equation (2) can be used in one of the other equations so that it can be eliminated-which makes sense given that the empirical development of an aggregate production function is a very challenging endeavor to pursue. Introducing a relation for total employment,
, and substituting in Equation (6), we get:
Further, for the Keynesian system, one can introduce econometric equations that can be estimated using standard methods-that is, equations that are linear in the parameters. These econometric equations, however, are nonlinear in the endogenous variables-which means that one must use mathematical methods designed to solve nonlinear systems of equations. The most distinctive functional change in relation to the Keynesian system appears in the equation for aggregate investment, where change of GNP is included as a regressor.
1) Econometric equations
( ) . Therefore, this is a structural nonlinear dynamic macro-econometric model. But the fundamental question remains: Is it possible that such a simple system can be of value in analyses of the real world and, especially, in analyses of historical periods marked by major economic and financial changes? Before we can try to answer, the equations must be estimated and solved-these developments are pursued in Section 4. In the next Section, an 4 This part is based on [13] and [14] .
5 Equation (4a), which shapes the dynamics of the model, plays a unique role in this system-it is actually an example of the "art" of specifying econometric equations. If the model's dynamics works appropriately, it should reproduce with some success the time path of the real macroeconomic variables.
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overview of the period from 1950s to 1980s is presented.
Stylized View of Economic and Financial Trends from the 1950s to 1980s: A perspective Centered on the US Economy
The Since the second half of 1960s, the Vietnam War contributed to reduce-to a certain extent-fiscal stability in the US and to expand the disequilibrium in the balance of payments' current account. A decade earlier foreigners started to accumulate dollar balances in accounts in American banks and, in 1965, the French government began to convert dollars into gold. As the deficit in the US current account increased, the run against the dollar accelerated. In August 1971, Nixon closed the so-called "gold window", refusing to convert dollars into gold, and additionally imposed a 10% tax on all imports. According to an account of this period, "[the] dollar remained under pressure in the next years until finally the notion of a dollar tied to the price of gold […] was abandoned altogether" ( [16] , p. 27).
After the Arab-Israeli war of 1973, the Organization of Petroleum Exporting Countries (OPEC) was successful in imposing severe export quotas on its members, and oil prices increased by a multiple of four. The resulting foreign trade deficits in oil-importing countries, especially in Latin America, created huge profit opportunities for international banks. They provided loans to these countries based on flexible interest rates and secured large premiums [17] . In the beginning of 1980s, the financial scheme that led to transfers of excess funds in international banks to countries with major trade deficits collapsed after the steep interest rate increase promoted by the Fed, and the debt crisis that would have lasting consequences in many developing countries initiated.
As Figure 3 illustrates, despite the conflicts and economic adjustments, the 
Estimation and Solution of the Macro-Econometric Model
In this Section, the basic analytical methods that were used in the estimation and solution of the macro-econometric model are presented. Additional details are available in Appendix 1.
Data Set and Estimation of the Parameters-Econometric Methods for Structural Equations
Usually one of the difficult tasks in the development of a macro-econometric model is to assemble the data base for its variables. In the case of the model developed in this paper, the series used were drawn from data available on two traditional textbooks 6 . These series appear in Appendix 2. Table 1 contains the basic statistics for the dependent variables.
The estimation method used here is the Two-Stage Least Squares (2SLS) The references are [19] and [9] . In the first reference, there are data for Y, C, I, G, (EX-IM), nominal r, w and P. In the second, there are data for (Y -T ) and M/P. estimator, which is the most widely used estimator in simultaneous equations models [20] . In this econometric model, it is assumed that the errors follow a multivariate normal distribution. The 2SLS estimator is a particular case of the more general method known as Instrumental Variables (IV) estimator-which, in turn, can be considered an especial case of the Method of Moments applied to regression analysis [21] . It can be shown that estimators obtained from these methods have desirable asymptotical properties-further, under certain conditions, they are asymptotically efficient.
The parameters were estimated using data series for the 1953-79 period (see Appendix 2)-the last five data available in each series were not used. The reason is that this part of the data was reserved so that it could be used to evaluate the model as a prediction tool, that is, beyond the period used in the estimation process. The estimates appear in the two initial columns of Table 2 (2SLS estimator).
A Robustness Check of the Model
Following the approach in [20] , it is important to evaluate if the model's equations are correctly specified. The development suggested in that pioneering contribution is to compare estimates based on the 2SLS estimator with a full-information estimator (3SLS) 7 . To advance on this path, the macro-econometric equations of Section 2.1 were also estimated using Three-Stage Least Squares. The coefficients and standard errors are shown in the final two columns of Table 2 . As can be seen, with the exception of the equation for the real interest rate (r), the comparison indicates that the model is correctly specified.
The problem observed with the equation for r was certainly expected given that the behavior of this variable is strongly affected by policy decisions by the Central Bank-in the US, the Fed. This problem is also illustrated in Table 1 , which shows that the standard deviation of r is proportionally much bigger than in the case of other endogenous variables. Nevertheless, given that the 2SLS method provides estimates with correct first-derivative signs and, more importantly, to be truthful to the Keynesian inspiration, the macro-econometric model was maintained in its original form. 7 "2SLS is not as efficient as 3SLS, but only the incorrectly specified equation is inconsistently estimated if misspecification is present in the system." ( [20] , p. 1265). 
Solving a System of Nonlinear Equations-Each Simulation Period Contains a Problem to Be Solved
Solution methods of nonlinear systems of equations are based upon-with a decreasing level of generality-fixed-point theorems, the method of successive approximations, and the so-called Newton (or Newton-Raphson) method [22] and [23] . The first period for which the model was solved was 1954, using data for the previous year-which also provided a starting solution for the successive approximations method. After that, the solution obtained in one period was used as a starting point for the following year. In each period, the modified Newton method was utilized and, as a rule, only a few iterations were necessary to achieve convergence. Therefore, in terms of data for the endogenous variables, only information for 1953 was, in fact, used. In other words, the values for the endogenous variables obtained from the model reflect only the dynamic properties of the nonlinear system, and the trend of the exogenous variables-which are quite limited in number (only five).
Analysis of the Model's Solutions: Macroeconomic Trends in the American Economy from the 1950s to 1980s
The 2) The prediction period contains "out of sample" data-i.e., data that were not used in parameter estimation.
graph is probably the one for aggregate investment (I)-the true dynamic variable in the model. Based on this graph, one can conclude that the model captured fairly well the dynamic pattern of the real economy 8 . On the other hand, one should not over emphasize this aspect of the model's solutions-that they were quite close to historical values-, given the especial nature of the exogenous variables. Although these variables are limited in number, each one represents fundamental and complex parts of the macroeconomic system. For example, the 1954 1957 1960 1963 1966 1969 1972 1975 1978 1981 1984 w/P
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Putting it differently, the econometric "artist" was successful.
solutions for the endogenous variables depend on the paths of the nominal wage rate (w) and the trade balance (EX-IM).
In the case of empirical analyses, the most valuable feature of a structural macro-econometric model is that it reveals, among hundreds of different types of information available to researchers, what we should be concentrating on. More explicitly, if the model reproduces reasonably well the pattern of real macroeconomic variables, and given that the model's solutions derive from the exogenous variables and the model's dynamic properties, then it is a logical conclusion that these exogenous variables are the really important ones-and there are only five of them to take into consideration 9 .
In other words, one of the main accomplishments of this macro-econometric model is that it reveals that researchers and analysts in general should pay especial attention to the trends of average nominal wage, trade balance, government spending, taxes, and money supply. Further, the model produces sophisticatedly simple solutions from the paths of these variables, either historical or projected-solutions that can be of value in understanding both historical and future macroeconomic policies and trends.
Historical Trends of the Exogenous Variables: Exploring the Relation with the Macroeconomic Developments in the US
The examination of the historical path of the model's exogenous variables ( Figure 5 ) reveals that there were, roughly, fiscal surpluses in the whole period from 1954 to 1984 10 . In several years, the growth of government revenues surpassed that of spending, but in the second half of 1970s, the opposite relation was also present. On the other hand, the average hourly wage in real terms remained relatively stagnant from 1954 to 1984-for example, real government spending and revenues rose 193.7% and 221.6%, respectively, in the period examined whereas the growth rate for the real wage was only 143.4%. This moderate performance certainly contributed to contain inflationary pressures in a period marked by very strong increases in money supply-the growth rate of money balances in real terms was 469.5%. Nevertheless, the most irregular behavior among the exogenous variables belongs to trade balance, which started at a level close to zero in 1954 (billions of 1972 dollars), reached a maximum of $50.3 billion in 1980, and plummeted to a deficit of $ 14.2 billion in 1984.
Next, an overall evaluation of the macroeconomic trends observed in the US from 1954 to 1984, coupled with the factors that most likely explain this behavior, is put forward: 1) Growth rates of GNP and aggregate investment were relatively high in those years-the geometric averages are, respectively, 3.2% and 4.2% 11 . The main 9 A mathematical analysis of the dynamic behavior of a structural model with lagged endogenous variables, and the factors behind it, is available in [9] . 10 Rigorously the data used for T cannot be contrasted to G in order to obtain the fiscal surplus due to the fact that social security contributions are included in T. The difference, though, amounts roughly to 10% of the total, which does not invalidate the conclusions drawn here. factors behind this trend is a consistent growth of government consumption (average of 2.2%) and, more importantly, of money supply in real terms (5.0%).
2) The considerable fall of GNP in 1975 (−5.2%) was due mainly to the strong upsurge of inflation, due to the oil crisis-a trend that was duly captured by the model's solutions. The slow growth of the average wage in the period examined -in particular, after the first oil crisis-contributed to reduce inflationary pressures and to sustain GDP growth-very much in line with Keynes' analysis. In real terms, the overall average growth rate of wages was only 1.2%.
3) The fall of GNP in 1982 (-2.3%) was due to the rise of inflation caused by the second oil crisis and, especially, by the strong increase of real interest rates 4) The trade balance was a clear factor contributing to higher GNP growth from 1972 to 1981, but it had the opposite effect afterwards. The available evidence suggests that the contribution of the trade balance to GNP growth was especially important, given that, after 1981, there was a significant reduction of economic growth.
Concluding Remarks
The analyses in the previous Sections indicate that simple structural macro-econometric models-even very small ones, as the model examined herecan be valuable tools in the effort to understand and explain main macroeconomic tendencies and variables, as well as in exercises aimed at forecasting future developments. In this way, they contain relevant information for macroeconomic researchers and analysts. On the other hand, it is important to emphasize that, as one would expect, there is no "magic bullet" here. Even though sophisticatedly simple macro-dynamic models can combine information in a systematic way, and generate solutions that would not be available otherwise, these solutions derive from exogenous variables that depend themselves on involved economic relations.
One drawback of structural macro-econometric models is that, before they can be applied to problems in the economic field and in financial markets, a number of previous tasks must be successfully completed, in particular: development of relevant macro-econometric equations, building of data bases for the model's variables, estimation of the parameters using adequate econometric methods, and the application of mathematical methods for the solution of nonlinear systems of equations-in this last case, there is also the need to write adequate computer code. In relation to these points, one favorable aspect is that sophisticated software tools are currently available to deal with all these tasks.
In the period that was examined, the macro-econometric model based on Keynes' analytical system was very successful in reproducing the endogenous variables' dynamic patterns, with the significant exception of the real exchange rate (r). The main conclusion is that there is convincing evidence that a simple structural dynamic macro-econometric model, as the one developed here, can be of help in assessing historical macroeconomic policies and tendencies-as well as in evaluating likely future trends.
One aspect that it is worth to elaborate on is the especial role of the exogenous variables in a model. In the areas of Macroeconomics and Finance, there are hundreds of different variables and data series that researchers and professionals may regard as relevant information. Nevertheless, if a structural simple model is employed, and if we can conclude that it reproduces reasonably well the dynamic patterns of macroeconomic variables in a certain period, and considering further that the model's solutions derive from the exogenous variables in connection with the model's dynamic properties, then it is fair to conclude that the models' exogenous variables can explain the macroeconomic patterns of that periodand in the case of the model examine here, there are only five of these variables to take into account.
Therefore one of the main accomplishments of this analysis is that, in the period examined, it reveals that one should pay special attention to the trends of the average nominal wage, trade balance, government spending, taxes, and money supply. Moreover, given the historical trends of these variables, the model produced solutions for the paths of the endogenous variables-GNP, aggregate consumption, private investment, and average price level-that were very close to the historical series and, moreover, captured the actual changes and cycles.
